To examine dioxin contamination in commercial baby foods in Japan, congener analyses of polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and coplanar polychlorinated biphenyls (Co-PCBs) were performed on 102 varieties of baby foods obtained from supermarkets in 2001ῌ2002. The toxic equivalent quantity (TEQ) levels for dioxins in samples ranged from ῌ0.001 to 0.135 pg-TEQ/g wet weight when undetected or trace levels of congeners were taken as zero. Among 102 samples tested, 26 samples exceeded 0.010 pg-TEQ/g. The highest TEQ value was for "sardine, vegetables" (0.135 pg-TEQ/g), followed by "Japanese radish (daikon), sardine" (0.080 pg-TEQ/g). Thus, dioxins were detected at low levels in baby foods containing animal products such as fishes and/or dairy products.
Introduction
Dioxin pollution is an acute environmental problem, because dioxins, namely polychlorinated dibenzo-pdioxins (PCDDs), dibenzofurans (PCDFs), and coplanar polychlorinated biphenyls (Co-PCBs), are widely distributed contaminants that can induce various toxic responses, including immunotoxicity, carcinogenicity, and adverse e#ects on reproduction, development, and endocrine function. PCDD/Fs are mainly by-products of industrial processes such as metallurgical processing, bleaching of paper pulp, and the manufacture of some herbicides and pesticides. However, they may also result from natural processes such as volcanic eruptions and forest fires. Waste incineration, particularly if combustion is incomplete, is among the largest contributors to their release into the environment. PCBs, on the other hand, have been produced commercially since the 1970s by direct chlorination of biphenyl. They were produced as mixtures, and were used mainly in electronic appliances and heat transfer systems. The use of PCBs has been forbidden since the 1970s 1) , 2) . Food is the main source of human intake of dioxins. In Japan, it is estimated that dietary intake accounts for more than 95% of the daily intake of these compounds 3) . Therefore, the continual survey of dioxin levels in foods is important to assess the health risk to humans. Recently, the consumption of baby food products has increased, as has the variety of baby foods in circulation. It is predicted that consumption will continue to increase. Babies under 2 years old are mainly fed such baby foods. Therefore, safety is critically important, as well as taste and nutritional constituents. However, information on chemical contaminants such as dioxins in baby foods is still limited 4) . The main objective of this study was therefore to examine the levels of dioxins in commercial baby foods obtained in Japan.
Materials and Methods

Samples and reagents
One hundred and two kinds of baby food items including drinks, cooked foods (fruits, vegetables, fishes, and meat), cooked rice, noodles, pasta, curry, stew, gratin, and snacks were purchased from supermarkets in Japan (in 2001 and 2002) . Reagents used in this study were the same as described in previous papers 5), 6) . Extraction and cleanup processes The methods of extraction and cleanup followed those of the tentative guideline for the analysis of dioxins in foods in Japan 7) . Briefly, the sample was finely homogenized, and spiked with a mixture of 13 C-labeled PCDDs, PCDFs, and Co-PCBs as quantitative standards. After extraction (extraction with acetone/n-hexane or alkaline digestion followed by n-hexane extraction), column chromatographies were carried out for cleanup, and each fraction obtained was spiked with 13 C-labeled recovery standards before analysis by HRGC-HRMS. The procedures were described in detail in previous papers 5), 6) .
Chemical analyses
The dioxin analysis was performed by HRGC-HRMS using an Agilent 6890 plus gas chromatograph (Agilent Technologies, CA, USA) coupled to a Micromass Autospec mass spectrometer (Micromass, Manchester, UK) with a positive electron ionization (EIῌ) source, operating in the selected ion monitoring (SIM) mode at a resolving power of 10,000. The detection limits in this study were 0.01 pg/g for TeCDD, PeCDD, TeCDF, and PeCDF, 0.02 pg/g for HxCDD, HpCDD, HxCDF, and 8) ]. The toxic equivalent quantity (TEQ) values were calculated using the WHO-TEF values. Details of the operating conditions have been published in previous papers 5), 6) . Table 1 gives the concentrations of the sum for PCDDs, PCDFs, and Co-PCBs, as well as the total TEQ for 102 baby food samples. The recoveries calculated for the spiked compounds were always in the range defined as su$cient recovery (40ῌ120%) in the tentative guideline 7) . The range of dioxin levels in baby foods tested was ndῌ86.67 pg/g (ῌ0.001ῌ0.135 pg-TEQ/g).
Results and Discussion
Among individual items, dioxins were not detected in any of the drinks. Small amounts of dioxin were detected in cooked foods, cooked rice, noodles, pasta, curry, stew, gratin, and snacks at around the limit of quantification (ndῌ86.67 pg/g). The highest concentrations were observed in cooked food No. 39 "sardine, vegetables C", cooked rice No. 55 "fish and rice casserole (flatfish, vegetables)" and snack No.95 "cookie (vegetables)" (86.67, 64.52 and 63.77 pg/g, respectively), followed by cooked foods No. 41 "sardine, vegetables E", No. 31 "Japanese radish (daikon), sardine" and No. 43 "vegetables, whitefish" (59.70, 53.94 and 50.95 pg/g, respectively). As shown, dioxins were generally detected in samples containing fish and/or dairy products. A total diet study has indicated that dioxins intake is mostly attributable to animal products such as fish and shellfish 6) . Among 102 samples tested, 41 gave values below 0.001 pg-TEQ/g, and 26 gave values higher than 0.010 pg-TEQ/g. The maximum TEQ value was observed in cooked food No. 39 "sardine, vegetables C" (0.135 pg-TEQ/g), followed by cooked food No. 31 "Japanese radish (daikon), sardine", snack No. 100 "cracker (carrot, spinach)", cooked food No. 14 "soup (corn) A", and curry, stew and gratin No. 84 "gratin (flatfish, spinach)" (0.080, 0.076, 0.060 and 0.059 pg-TEQ/g, respectively). Figure  1 shows the percentage of various isomers in 26 selected contaminated samples, which mainly contained fish and vegetables. As shown, most samples were contaminated principally by 2,3῍,4,4῍,5-PeCB (#118), followed by 2,3,3῍,4,4῍-PeCB (#105) in Co-PCBs rather than PCDD/Fs. This result is similar to that found for animal products such as fish 9) . Figure 2 illustrates the TEQ concentrations in 26 samples containing over 0.010 pg-TEQ of dioxins. CoPCBs were the predominant congeners in most samples except No.20 "potato, spinach" in which the raw materials were vegetables. Total TEQ levels were mostly dominated by 3,3῍,4,4῍,5-PeCB (#126) in Co-PCBs, and next by 2,3,4,7,8,-PeCDF and 1,2,3,7,8-PeCDD in PCDDs/ Fs. This profiling is characteristic of dioxin congeners in animal products 9) , indicating that the dioxin contamination in baby foods is dominated by dioxins contained in animal materials, such as fish.
It was reported that the levels of dioxins in commercial bottled baby foods in the United States were 0.028ῌ 0.226 pg-TEQ/g in 1998 4) . The levels varied according to meat content. In the present study, the dioxin levels in 102 commercial baby foods in Japan were ῌ0.001ῌ 0.135 pgTEQ/g, being similar to, or slightly lower than those in the United States, and were related to the fish and/or dairy product contents.
If a baby weighing 7 kg consumes 100 g of baby foods three times a day, the daily intake of dioxins is estimated to be 0.686 pg-TEQ/kg body weight (b.w.)/ day using the average value in this study (0.016 pg-TEQ/g). This intake is below the TDI (4 pg-TEQ/kg b.w./day) for dioxins (PCDD/Fs and Co-PCBs) in Japan. These results provide one of the most comprehensive surveys of dioxins concentration in baby foods in Japan. 
